INTRODUCTION {#sec1-1}
============

Alcohol withdrawal delirium (AWD), also known as delirium tremens (DT), is a severe complication of alcohol withdrawal leading to high mortality.\[[@ref1][@ref2]\] Early identification and systematic use of benzodiazepines at appropriate doses are the mainstay of treatment. Poor prognosis in DT is seen when it is associated with comorbid infection and other medical complications such as head injury and seizures.\[[@ref3][@ref4]\] After the development of DT treatment is to be initiated promptly, preferably in an intensive care unit.\[[@ref5]\] Thus, identification of risk factors for developing DT is necessary for early treatment in patients with severe alcohol withdrawal syndrome (SAWS) so that delirium can be prevented in such patients.

Various studies have shown that past history of delirium,\[[@ref6]\] tachycardia,\[[@ref7]\] elevated blood pressure,\[[@ref8][@ref9]\] and thrombocytopenias\[[@ref10]\] are persistent risk factors for the development of AWD. However, studies have methodological differences, and thus a common consensus has not been arrived at as yet. The present study attempted to identify the risk factors in predicting AWD in a population of patients with heavy consumption of alcohol as well as to corroborate our findings with the existing ones. This will lead to early identification of patients likely to develop delirium during withdrawal of alcohol and help to formulate the dose of benzodiazepines in treating those patients.

MATERIALS AND METHODS {#sec1-2}
=====================

The study was a quasi-experimental design with equivalent control group conducted in the Department of Psychiatry at Mahatma Gandhi Medical College and Research Institute, a tertiary hospital in Puducherry, from August 2014 to July 2015. The study was approved by the Institutional Ethical Committee. All male patients aged 18--64 years admitted in the Department of Psychiatry and diagnosed by consultants as AWD (complicated withdrawal) according to International Classification of Diseases-10\[[@ref11]\] was taken up for the study. All other cases of delirium were excluded after detailed investigations, namely, blood investigations for dyselectrolytemia and infections and neuroimaging. Any cases of mixed delirium where alcohol withdrawal was one of the contributing factors along with other factors that might have contributed to delirium were also excluded from the study. Confusion assessment method\[[@ref12]\] was applied as an adjuvant tool to diagnose delirium. A total of 58 patients were screened. Forty patients fulfilling the inclusion criteria were enrolled into the study. Forty age- and sex-matched inpatient cases of alcohol dependence syndrome without DT were included as controls. The control group was followed up for 2 weeks after admission to look for any emerging signs of delirium. Patients in the control group who developed delirium in due course were taken up in the AWD group. Those patients who were eligible for inclusion into the study were provided the salient details of the research project, and informed consent was obtained. Around 80% of patients in the DT group had hyperactive or mixed subtype of delirium. A structured pro forma was used to record information regarding the sociodemographic and clinical profile of patients. Clinical Institute Withdrawal Assessment of Alcohol Scale-Revised (CIWA-Ar)\[[@ref13]\] was also applied to rate the severity of withdrawal symptoms in both the groups. Mini--Mental Status Examination (MMSE)\[[@ref14]\] was administered in both groups to determine cognitive functioning. A cutoff score of 24 was kept for cognitive dysfunction. This scale was applied when both groups of patient were stable and could comprehend the instructions. All analyses were performed using Statistical Package for the Social Sciences (SPSS for Windows, Version 16.0. SPSS Inc., Chicago, IL, USA). Normality of data was examined using histograms and Shapiro--Wilk test. Patients having AWD (DT) were "androgen deprivation therapy (ADT) with DT group" and another group as "ADT without DT group." The between-group comparison on categorical variables (withdrawal fits, presence of alcohol-induced psychosis, etc.) was done using Pearson\'s Chi-square test, while for continuous/numerical variables (age of the patient, duration of dependence, etc.), the independent sample *t*-test was applied. Binary logistic regression analysis was done to find out the predictors of DT with the significant variables contributing to group differences. A receiver operating characteristic (ROC) curve analysis was done to find out the model\'s ability to differentiate patients having delirium from those not having delirium. *P* \< 0.05 was accepted as statistically significant.

RESULTS {#sec1-3}
=======

The mean age of patients in the AWD group was 42.85 years (standard deviation \[SD\] 10.92 years), whereas in the control group, i.e., the alcohol withdrawal without delirium group was 40.45 years (SD 10.27 years) \[[Table 1](#T1){ref-type="table"}\]. Majority of patients in the delirium group were primary educated (57.5%) and came from lower socioeconomic status (62.5%), and most of them were employed (67.5%). In the control group, proportion of rural population was more than urban (60%), but most of them belonged to middle socioeconomic status (52.5%) and majority (80%) of them were employed \[[Table 2](#T2){ref-type="table"}\]. The age of onset in the delirium group was, however, slightly later than the control group (25.02 years \[SD: 8.71 years\] vs. 21.65 years \[SD: 4.00 years\]) and thus their duration of dependence was also less than the control group (10.75 years \[SD: 6.47 years\] vs. 14.07 years \[SD 8. 26 years\]), but the quantity of alcohol consumed in units of alcohol per day was much higher than the control group (18.15 units \[SD: 1.27 units\]/day vs. 14.75 units \[SD: 4.89\]/day). Thus, there was a statistically significant difference between the two groups in terms of quantity of alcohol consumed per day (*t* = −2.99; *P* = 0.004) \[[Table 1](#T1){ref-type="table"}\].

###### 

Distribution and comparison of sociodemographic and clinical characteristics across the groups (numerical)
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###### 

Distribution and comparison of sociodemographic and clinical characteristics across the groups (categorical)
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Apart from the amount of alcohol consumed, the two groups significantly differed in the pattern of drinking alcohol (χ^2^ = 5.54; *P* = 0.019). The delirium group and the control group were matched in terms of their type of alcohol consumed and the pattern in which they stopped drinking alcohol. Few patients had episodic drinking pattern (27.5%) in the control group, but most of the patient in the delirium group had a continuous pattern of drinking (92.5%).

Bivariate analysis of clinical variables directly related to alcohol use such as presence of withdrawal fits (χ^2^ = 5.69; *P* = 0.017), past history of AWD (χ^2^ = 21.60; *P* \< 0.001), history of alcohol-induced psychotic disorder in the past (χ^2^ = 16.05; *P* \< 0.001), and presence of cognitive deficits (χ^2^ = 11.17; *P* = 0.001), showed a strong significant association between these variables and development of delirium \[[Table 3](#T3){ref-type="table"}\].
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Distribution and comparison of clinical characteristics related to alcohol use across the groups (categorical)
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After the bivariate analysis, the statistically significant variables identified were further taken for binary logistic regression analysis to assess the contribution of each variable in developing delirium. The model explained 61.8%--82.3% of the variance in this sample; hence, it can be applied to explain the risk factors. [Table 4](#T4){ref-type="table"} shows the predictors of delirium in this population. A heavy pattern of drinking (*P* = 0.005; odds ratio \[OR\]: 1.17, confidence interval \[CI\]: 1.05--1.31), continuous alcohol drinking pattern (*P* = 0.027; OR: 4.67, CI: 1.19--18.33), presence of past history of delirium (*P* = 0.009; OR: 552.8, CI: 4.88--625.7), presence of alcohol-induced psychosis in the past (*P* = 0.002; OR: 74.6, CI: 4.68--1190), and presence of cognitive deficits (*P* = 0.044; OR: 12.5, CI: 1.07--147.3) emerged as strong predictors of AWD. The area under ROC curve was 0.275 for the past history of delirium, 0.300 for the presence of alcohol-induced psychosis, 0.325 for the presence of cognitive deficits, and 0.685 for the amount of alcohol consumed in units \[[Figure 1](#F1){ref-type="fig"} and [Table 5](#T5){ref-type="table"}\].
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Stepwise logistic regression showing the predictors of alcohol withdrawal delirium
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![A receiver operating characteristic curve analysis between androgen deprivation therapy with delirium tremens and androgen deprivation therapy without delirium tremens group](IJPsy-59-300-g005){#F1}
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Receiver operating characteristic (ROC) curve analysis showing the area under curve of the predictors of Delirium Tremens
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DISCUSSION {#sec1-4}
==========

Our study design had some methodological advantages over previous similar studies.\[[@ref6][@ref7][@ref8][@ref9][@ref10]\] In the present study, the experimental group was selected after detailed evaluation of patients following their admission. Two subgroups of patients were taken, one who got admitted with AWD and another who developed AWD after admission. In both groups, detailed evaluation was done to rule out other causes of delirium and a homogenous group was selected. Most previous studies have considered cases that became delirious after admission into de-addiction center. Since our hospital is a tertiary care referral hospital, most of the cases were referred from other centers and presented with delirium. Only eight cases developed delirium after getting admitted for simple withdrawal. Furthermore, the control group was age and sex matched to patients in the experimental group. Moreover, the control group was followed up for 2 weeks to check for emergence of delirium, and if so, the patient was reassigned to the experimental group. Most of the previous studies in this are aware of retrospective chart reviews,\[[@ref15][@ref16][@ref17]\] but in our study, we directly interviewed the patient as well as their informants. Furthermore, patients who could not initially give a proper history were later interviewed when out of delirium. Assessment of withdrawal symptoms, delirium, and cognitive functioning was done using standardized tools which gave more strength to the study. The sociodemographic and clinical pro forma was meticulously prepared selecting all the relevant parameters from literature which pose as potential risk factors for the development of delirium.

The mean age of patients in both the groups was comparable; however, patients with DT had a later age of onset of alcoholism and also had a lesser duration of dependence. However, the amount of alcohol consumed per day was significantly higher in the DT group than in the non-DT group. Quantity of alcohol consumed per day is also a significant predictor of delirium in this population. Larger quantities of alcohol disrupt the neuronal stability and thus create a higher vulnerability for developing delirium.\[[@ref15]\] Since chronic exposure to high quantity of alcohol results in upregulation of N-methyl-D-aspartate (NMDA) receptors, therefore abrupt cessation of alcohol can lead to severe hyperexcitability of brain resulting in delirium.\[[@ref1]\]

Furthermore, our study highlights the fact that binge drinking pattern might have some effects on the restoration of the normalcy of cerebral depression, thus reducing delirium, in contrast to chronic continuous drinking of alcohol where cerebral depression persists. However, the concept of kindling used to explain repeated detoxification leading to worsening of subsequent alcohol withdrawal state producing delirium later, is still a debated one.\[[@ref18]\]

In the present study, statistically significant differences were observed between the delirium and nondelirium groups with respect to clinical factors such as past history of withdrawal fits, delirium, alcohol-induced psychosis, and the presence of cognitive deficits. Further, logistic regression analysis showed that factors such as past history of delirium, history of alcohol-induced psychosis, and the presence of cognitive deficits to be important predictors of AWD. These findings corroborate with results of previous studies which have found past history of DT and withdrawal fits to be consistent predictors of DT.\[[@ref6][@ref7]\] Previous studies have also found other predictors of AWD, i.e., thrombocytopenia,\[[@ref10][@ref19][@ref20]\] hypertension,\[[@ref15][@ref16]\] medical comorbidity,\[[@ref9][@ref16][@ref17]\] hypokalemia,\[[@ref20][@ref21]\] tachycardia,\[[@ref7][@ref17]\] hyperthermia,\[[@ref15]\] and hypertension\[[@ref15][@ref16][@ref22]\] and also association of DT with high blood homocysteine level and low blood level of pyridoxine in a recent study by Kim *et al*.\[[@ref19]\] In most of the earlier studies, the risk factors were more laboratory based\[[@ref6][@ref9][@ref19]\] which might not be useful where such facilities are not available like in a primary health-care system. Our study focused on the importance of a relevant clinical history in predicting delirium, and thus early screening of patients with SAWS may help to prevent them from developing subsequent withdrawal delirium.

In our study, the significant predictors of delirium which emerged (delirium, induced psychosis, and cognitive deficits) perhaps imply that pre-existing brain insults may lead to future episodes of delirium. A similar finding was reported in a study by Eyer *et al*.,\[[@ref20]\] which showed the presence of structural brain lesion to be one of the predictors of delirium. Thus, apart from their clinical relevance, these findings can also be understood from a neurobiological perspective. In delirium, there is a disruption in gamma-aminobutyric acid (GABA), glutamate, and dopaminergic systems, which is also the case in psychosis as well as in patients having cognitive dysfunction.\[[@ref1][@ref23][@ref24]\] Therefore, DT can be viewed as brain pathology occurring in a preexisting disturbance of brain neurotransmitter systems.

The present study highlights the importance of a focused and detailed clinical history taking from both patients as well as their informants in the treatment of alcohol withdrawal syndrome. A patient with SAWS with heavy consumption of alcohol must be screened for past injuries to the brain in terms of withdrawal delirium or psychosis and presence of cognitive deficits. Thereafter, this group of patients should be treated with higher doses of benzodiazepines in an inpatient setting.\[[@ref25]\] Close monitoring should be done for the initial week after stopping alcohol for emergence of features suggestive of delirium. Neuropsychological evaluation can be helpful in this group of patients after detoxification, and strict abstinence should be enforced.

This study also provides an understanding about the neurobiological aspect of DT. It is well known that alcohol depresses the brain by its effect on the GABA-A receptors in the brain. Chronic exposure to high doses of alcohol results in compensatory reduction in GABA-A receptors response to GABA, i.e., the downregulation of GABA receptors. On the other hand, there is an upregulation of NMDA neuroreceptors during heavy exposure to alcohol.\[[@ref26][@ref27][@ref28]\] Thus, with a preexisting destabilized neurotransmitter system in this group of patients, an abrupt cessation of alcohol leads to a burst of NMDA activity which increases the hyperexcitable state many times producing withdrawal fits or delirium. Furthermore, a recent study by Graef *et al*.\[[@ref29]\] illustrated that abnormal burst activity of T-type calcium channel in the medial thalamus and hypothalamus causes disruption of normal rhythm producing complications such as seizures, disturbed sleep-wake cycle, electroencephalogram abnormalities, and subsequent delirium. This phenomenon is more likely to occur in patients with past history of delirium or psychosis because of highly sensitized thalamic burst activity in them.\[[@ref23][@ref29]\] A recent study\[[@ref30]\] has also found an association of dopamine transporter gene with withdrawal seizure and DT which further strengthens the understanding of our findings about how the presence of psychosis has a role to play in the development of DT.

Our study being a hospital based one, most DT cases were already delirious when included in the study, and patients who developed delirium after hospitalization were few in number. Hence, a comparison between the two was not possible. Although cognitive function was assessed using a highly recommended and sensitive screening tool like MMSE, a detailed neuropsychological assessment could have been more comprehensive and informative. Unlike some previous studies, our study did not include any laboratory parameters since the study design did not permit predelirium testing, while laboratory parameters would have been disturbed during the delirium state.

CONCLUSION {#sec1-5}
==========

DT is a fatal complication of severe alcohol dependence syndrome. Due to its high mortality and various associated complications, prevention of the condition is preferred more than treatment of this condition. In the present study, past history of DT, history of alcohol-induced psychosis, and the presence of cognitive deficits emerged as significant clinical predictors of delirium in this group of patients with heavy consumption of alcohol. Therefore, goal of treatment in such cases should be prevention of emerging delirium by identifying these risk factors followed by close monitoring in a hospital setup; along with a high dosage of benzodiazepine titrated according to the units of alcohol consumed per day. Our findings also provide insight into the neurobiological underpinnings of AWD by suggesting that patients with preexisting brain dysfunction are at a greater risk for developing DT.
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